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Objective: This investigation was undertaken to determine whether intrinsic or regional factors at different anatomic sites
of the aorta affect expression and activity of matrix metalloproteinases (MMPs) and tissue inhibitors of metalloprotein-
ases (TIMPs).
Methods: Aortas from Sprague-Dawley rats (n  22) were divided into arch, descending thoracic, and infrarenal
abdominal segments. Specimens were stimulated with interleukin-1 (IL-1) (2 ng/mL) for 72 hours. In separate
experiments, syngeneic aortic segments were transplanted from the thoracic or abdominal aortas of donor rats into the
infrarenal aortic position of recipient rats (n  12 each). At 4 weeks, aortas from rats who had received transplants were
harvested, sectioned into arch, thoracic, and transplanted thoracic or transplanted abdominal segments, and stimulated
with IL-1. Reverse transcriptase polymerase chain reaction, zymography, and reverse zymography were performed to
assess MMP-9, MMP-2, and TIMP-1 in all aortic segments. Differences were assessed with analysis of variance (ANOVA)
and post-hoc Tukey test.
Results: In control rats, abdominal segments had significantly higher MMP-9 expression compared with arch and thoracic
segments (P < .002). Total MMP-9 activity was also higher in abdominal segments (P < .02). In rats who received
transplants, transplanted thoracic (P < .004) and transplanted abdominal (P < .05) segments demonstrated upregulation
of MMP-9 expression, compared with control arch and thoracic segments. Zymography documented increased total
MMP-9 activity in transplanted thoracic (P < .03) and transplanted abdominal (P < .04) segments versus arch and
thoracic segments. No significant difference in MMP-9 expression was found between control abdominal, transplanted
thoracic, or transplanted abdominal segments. No significant differences in MMP-2 or TIMP-1 expression or activity
were demonstrated in either control or transplanted segments.
Conclusions: These data demonstrate that variations in aortic MMP-9 expression and activity result from regional factors
affecting the aorta rather than intrinsic aortic wall differences. Increases in abdominal aortic MMP-9 may contribute to
the predilection for aneurysm to develop in the infrarenal aorta. (J Vasc Surg 2003;37:1059-66.)
A balance between vessel wall degradation and remod-
eling appears relevant to formation of aortic aneurysm.1
Matrix metalloproteinases (MMPs), a group of collagen
and elastin degrading enzymes, and tissue inhibitors of
metalloproteinases (TIMPs)2 are believed important in ab-
dominal aortic aneurysm (AAA) formation. Specifically,
MMP-1, MMP-2, MMP-3, MMP-7, MMP-9, and MMP-
12, are upregulated in aneurysmal aortic walls.3-11 Elastin
breakdown by various MMPs is an essential factor in aortic
aneurysm formation.7,12-16
Although 80% to 95% of all aortic aneurysms occur in
the infrarenal abdominal position, the reason for this pre-
dilection is unclear. Considerable speculation exists on why
this occurs. The reduced elastin-collagen ratio from proxi-
mal to distal along the length of the aorta suggests there is
less elastin in the native infrarenal aorta compared with
more proximal regions.17,18 Others have noted that dimin-
ished vasa vasorum in the human infrarenal abdominal
aorta may lead to relative vessel wall ischemia, especially
under pathologic conditions.19,20 Alterations in pulsatile
blood flow in this location may also contribute to the
preferential formation of aneurysms in the infrarenal aor-
ta.21-23 To our knowledge, differential expression of
MMPs along the aorta has not been reported.
The purpose of the present investigation was to deter-
mine whether the infrarenal aorta exhibits increased MMP
expression and activity compared with other regions of the
aorta. To determine whether any discrepancies detected
were due to intrinsic factors within the native infrarenal
From the Jobst Vascular Research Laboratories, Section of Vascular Surgerya
and Division of Transplant Surgery,b Department of Surgery, University
of Michigan Medical School, Ann Arbor, Mich.
Competition of interest: none.
Presented at the 2002 Research Initiatives in Vascular Disease Conference,
Bethesda, Md, April 19, 2002.
Reprint requests: Gilbert R Upchurch, Jr, MD, University of Michigan
Medical Center, 2210 Taubman Health Care Center, 1500 E Medical
Center Dr, Ann Arbor, MI 48109-0329 (e-mail: riversu@umich.edu).
Copyright © 2003 by The Society for Vascular Surgery and The American




aorta or secondary to other nonintrinsic regional differ-
ences, MMP expression and activity were evaluated in
transplanted segments of the thoracic and abdominal aor-
tas. It was hypothesized that differences in aortic MMPs
attributable to specific anatomic loci may exist and contrib-
ute to development of aortic aneurysms.
MATERIALS AND METHODS
All experiments performed were approved by the Uni-
versity of Michigan Universal Committee on the Use and
Care of Animals (#8314).
Native rat aortic segment experiments. Male
Sprague-Dawley rats (n 22) weighing 340 to 360 g were
anesthetized with inhalation of isofluorane (1%-2.5%) and
oxygen (100%). Through a midline laparotomy and ster-
notomy, aortas were harvested and divided into three seg-
ments: aortic arch (Ar), descending thoracic aorta (Th),
and infrarenal abdominal aorta (Ab). All aortic segments
were washed for 24 hours in Dulbecco’s modified Eagle’s
medium containing antibiotics (penicillin and streptomy-
cin) at 37° C. Subsequently these segments were incubated
for 72 hours in DMEM containing antibiotics to which the
cytokine interleukin 1 (IL-1; 2 ng/mL), a stimulator of
MMP and TIMP production, was added.24,25 This concen-
tration of IL-1 represents the amount in AAA tissue in
human beings.26 Aortic segments were then subjected to
reverse transcription polymerase chain reaction (RT-PCR;
n  16). Medium from additional stimulated aortic seg-
ments was used for gelatin zymography and reverse gelatin
zymography (n  6). Protein was extracted from tissue
segments intended for zymography by incubating the seg-
ments in 0.1% sodium dodecylsulfate (SDS) for 48 hours at
37° C. Extracted protein was quantified by a bicinchoninic
acid protein assay (Pierce, Rockford, Ill).
Rat aortic transplantation into infrarenal position.
In separate experiments, syngeneic aortic transplantation
was performed in male Sprague-Dawley rats, as described
previously in mice.27 Donor rats were anesthetized with
isofluorane, after which the abdominal and thoracic aortas
were exposed by a midline laparotomy and median sternot-
omy. Aortic branches were ligated with 7-0 and 10-0
prolene sutures. The animals were anticoagulated with 300
U of heparin administered into the vena cava and exsangui-
nated. The thoracic and abdominal aorta were rapidly
removed and placed in cold phosphate-buffered saline so-
lution.
Transplant recipient rats were anesthetized with isoflu-
orane inhalation. Through a midline laparotomy, the intes-
tines were displaced and the infrarenal aorta was carefully
dissected from the vena cava with its branches ligated.
Using 4-0 cotton sutures, proximal aortic control was
obtained below the renal arteries, and distal control was
obtained at the iliac bifurcation. A segment of infrarenal
abdominal aorta was removed, and either the descending
thoracic aorta (TxTh) or infrarenal abdominal aorta
(TxAb) from the donor was transplanted into the infrarenal
position of the transplant recipient rat with running 10-0
prolene suture in an end-to-end fashion (n  12 each).
When aortic patency was assured, intestinal contents were
returned to their normal position and the abdominal inci-
sion was closed.
At 4 weeks the transplant recipient rat abdominal aortas
were exposed under anesthesia and TxTh, TxAb, Ar, and
Th aortic segments were harvested and stimulated with
IL-1 as described. RT-PCR and zymography were per-
formed on these aortic segments.
RT-PCR. Expression of MMP-9, MMP-2, TIMP-1,
and -actin messenger RNA was determined with RT-
PCR. Total RNA was extracted from the aortic tissue by
homogenization (Th-1032 homogenizer; Omni Interna-
tional, Warrenton, Va) in TRIzol reagent (Life Technolo-
gies, Rockville, Md). First-strand complementary DNA
synthesis was performed with 1 mg of total RNA, 40 U of
Moloney murine leukemia virus reverse transcriptase, 0.5
mg of oligo-(dT)12-18 primer, 10 mmol/L of deoxyribo-
nucleoprotein (dNTP), 5 mmol/L of magnesium dichlo-
ride (MgCl2), 5 First Strand Buffer (Life Technologies),
and 40 U of RNasin (Promega, Madison, WI) at 42° C for
60 minutes. The RT products were then used as substrate
for PCR amplification of MMP-2, MMP-9, TIMP-1, and
-actin cDNA with 5 U/mL of Taq DNA polymerase
(Promega). PCR primer sequences designed for this exper-
iment are listed in Table I. Reaction cycles have been
reported.28,29 Amplification was carried out in a GeneAmp
2400 PCR system (Perkins-Elmer, Foster City, Calif). PCR
products were resolved on a precast 2.5% agarose gel in the
presence of 0.6 ng/mL of ethidium bromide (Life Tech-
nologies). The cDNA band intensities were normalized to
that of -actin bands. PCR products were tested with
known standards at various cycle lengths, which were
within the exponential phase of PCR.
Table I. RT-PCR primers used for MMP-2, MMP-9, TIMP-1, and -actin in rat
Product Accession No. Strand Sequence Bases Product length
MMP-2 X71466 Sense CATCGCTGCACCATCGCCCATCATC 554-578 557
Antisense CCCAGGGTCCACAGCTCATCATCATCAAAG 1091-1110
MMP-9 U24441 Sense GAAGACTTGCCGCGAGACCTGATCGATG 391-418 554
Antisense GCACCAGCGATAACCATCCGAGCGAC 920-945
TIMP-1 U06179 Sense AATGCCACAGGTTTCCGGTTC 247-267 220
Antisense ACACCCCACAGCCAGCACTAT 446-466
-actin X00351 Sense ATCTGCCACCACACCTTCTACAATG 294-318 321
Antisense CTTCATGAGGTAGTCAGTCAGGTC 591-614
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Sodium dodecylsulfate–polyacrylamide gel. electro-
phoresis (SDS-PAGE) substrate zymography. Gelatin
substrate zymography was performed with precast 10%
SDS-polyacrylamide gels containing 1 mg/mL of gelatin
(all zymography supplies from Novex, San Diego, Calif,
except where stated). Equal volumes of media from the
aorta segments were diluted with tris-glycine-SDS sample
buffer and electrophoretically separated under nonreduc-
ing conditions. Separated proteins were renatured in 2.7%
Triton X-100 for 3 hours, and the gels were developed for
48 hours at 37° C in 50 mmol/L of tris-hydrochloride
(HCl), 5 mmol/L of calcium dichloride (CaCl2), and 0.2%
Brij 35. After staining with Coomassie blue and destaining
in 10% acetic acid, gelatinase activity was evident as clear
bands against a dark blue background. Samples containing
human recombinant MMP-2 and MMP-9 (Oncogene,
Boston, Mass) were included as standards.
In separate experiments, to demonstrate specific inhi-
bition of enzymatic activity, gels were incubated in the
same buffer as above with the addition of 10 mmol/L of
ethylenediamine tetraacetic acid (EDTA), 1 mmol/L of
1,10-phenylmethanesulfonyl fluoride (PMSF), or 100
mol/L of leupeptin.
SDS-PAGE substrate reverse zymography. Gelatin
substrate reverse zymograms were prepared with 2 mg/mL
of porcine gelatin, 0.25M of Tris-HCl (pH 8.8), 0.125%
SDS, 0.5 L/mL of tetramethylethylenediamine (TE-
MED), 0.4 mg/mL of ammonium persulfate, 15% (w/v)
acrylamide, 0.4% bisacrylamide, and 200 ng/mL of pro–
gelatinase A (Oncogene).30,31 A standard 4% polyacryl-
amide stacking gel was used. Experimental samples con-
taining equal amounts of media were diluted into 2
tris-glycine SDS sample buffer and electrophoretically sep-
arated under nonreducing conditions. Proteins were rena-
tured in three changes of 2.7% Triton X-100 for 60 minutes
each. The gels were incubated for 16 hours at 37° C in 50
mmol/L of Tris-HCl, 5 mmol/L of CaCl2, and 0.2% Brij
35. After staining with Coomassie blue R-250 for 4 hours
and destaining for half an hour at 37° C with 10% acetic
acid and 10% methanol, gelatinase inhibitory activity was
noted as a blue band on a clear background. Samples
containing recombinant TIMP-1 (Oncogene) were in-
cluded as standards.
Densitometry. RT-PCR and zymography gels were
imaged with a FOTO/Analyst CCD Camera (Fotodyne,
Hartland, Wis) and quantified with GEL-Pro Analyzer
software version 3.1 (Media Cybernetics, Silver Springs,
Md). Optical densities for RT-PCR were normalized to
those of -actin. For zymograms and reverse zymograms,
optical densities were normalized to protein from the cor-
responding aortic segment. All bands measured with den-
sitometry were within range of densitometric measure-
ments in that densities did not reach maximal plateau levels
for any bands.
Histologic analysis. Control aortas, TxTh, and TxAb
were harvested and fixed in 10% formalin for 24 hours,
followed by fixation in 70% ethanol. Segments were then
paraffin imbedded, sliced into 4 mm sections, and mounted
on slides. Hematoxylin-eosin (H&E) staining was per-
formed. Manual blinded count of mononuclear cell num-
ber with 200 magnification was performed in the media
and adventitia of control and transplanted aortas (n  2 in
each group).
Blood pressure and heart rate measurement. Be-
fore harvesting aortas for analysis, rats who had or had not
received transplants (n  5 in each group) were subjected
to light isofluorane anesthesia with 100% oxygen for anxi-
olysis. Systolic and diastolic rat blood pressure was obtained
with noninvasive tail plethysmography, in lieu of a tail
occlusion cuff, combined with an optical sensor (Kent
Scientific, Litchfield, Conn). This device was interfaced to a
NI 6023E analog-digital interface card (National Instru-
ments, Austin, Tex). Data captured from the card were
analyzed with National Instruments Biobench for Win-
dows software. Heart rate was measured as electrical activity
from three-lead electrocardiogram over four 4-second in-
tervals, averaged, and extrapolated to heart beats per
minute with a Propaq 106EL instrument (Protocol Sys-
tems, Beaverton, Ore).
Statistics. Data were assessed with ANOVA, with
statistical significance assigned as P .05. Post-hoc analysis
was performed with the Tukey test when significance was
met by ANOVA. Statistical analysis was performed with In
Stat and Prism software (GraphPad Software, San Diego,
Calif).
RESULTS
Increased MMP-9 expression and activity in native
infrarenal aorta. A 2.4-fold increase in MMP-9 to -ac-
tin mRNA ratio was evident in infrarenal Ab compared with
segments Ar (P  .01) and Th (P  .01) as assessed with
RT-PCR (n  16) (Fig 1). No differences in MMP-2 or
TIMP-1 expression were demonstrated in Ar, Th, or Ab
aortic segments (Fig 2).
Gelatinase zymography (n  6) performed on stimu-
lated rat aortic segments demonstrated distinct bands of
gelatinase activity. These bands correspond to a 92 kDa
pro–MMP-9, an 82kDa active MMP-9, a 72 kDa doublet
pro–MMP-2 (glycosylated and nonglycosylated forms),
and a 62 kDa active MMP-2.29 All gelatinase activity was
inhibited by 10 mmol/L of EDTA, a calcium chelating
agent. Gelatinase activity was not inhibited by 1 mmol/L of
PMSF, a serine proteinase inhibitor, or by 100 mol/L of
leupeptin, a cysteine proteinase inhibitor, indicating that
the proteinases visualized were metalloproteinases.29 Pro–
MMP-9 (P  .02) and active MMP-9 (P  .01) were
increased in the Ab aortic segment compared with the Ar
and Th aortic segments (Fig 3, A). Total MMP-9 (pro–
MMP-9 plus active MMP-9) activity in the Ab segment was
1.6 and 1.3 times greater than in the Ar and Th segments,
respectively (P .03; Fig 3, B) by densitometry. Although
Pro–MMP-2 and active MMP-2 were present in all aortic
segments, no differences in activity were noted (data not
shown). Reverse gelatin zymography revealed a single band
at 29 kDa, consistent with TIMP-1.32 No differences in
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TIMP-1 were noted between Ar, Th, or Ab aortic segments
(data not shown).
Increased MMP-9 expression and activity in both
transplanted infrarenal thoracic and abdominal aortas.
Elevated MMP-9 mRNA levels were evident in both TxTh
and TxAb infrarenal segments when compared with Ar and
Th aortic segments as assessed with RT-PCR (Fig 4, A and
B). MMP-9 mRNA levels were significantly higher in TxTh
segments compared with corresponding Ar and Th seg-
ments (P  .004). In addition, MMP-9 expression was
higher in TxAb segments compared with corresponding Ar
and Th segments (P  .05). When compared with each
other, no significant differences were detected between
TxTh, TxAb, or Ab segments (Fig 4, C). Differences in
MMP-2 and TIMP-1 expression were not evident in either
TxTh or TxAb aortas (data not shown).
Gelatin zymography performed on aortas from trans-
plant recipient rats revealed bands similar to those in con-
trol rats. Zymography documented significantly elevated
total MMP-9 activity in TxTh (P  .03) and TxAb (P 
.04) aortic segments compared with Ar and Th aortic
segments (Fig 5, A and B). Pro–MMP-2 and active MMP-2
were not different between TxTh, TxAb, Ar, or Th seg-
ments (data not shown).
Histologic analysis. H&E staining demonstrated
equal numbers of mononuclear cells in control thoracic and
abdominal aortas (Fig 6, A and B). TxTh (Fig 6, C) and
TxAb (Fig 6, D) aortic segments demonstrated an increase
in mononuclear cell numbers in both the media and adven-
titia when compared with control segments (Table II). No
differences in monocyte numbers between transplanted
segments was observed.
Blood pressure and heart rate in control and trans-
plant recipient rats. No significant differences in blood
pressure or heart rate among control or transplant recipient
rats were noted (Table III).
DISCUSSION
This investigation was undertaken to determine whether
differences in MMP and TIMP expression in different aortic
loci explain the clinical predilection for aortic aneurysms to
develop in the infrarenal location. Increased MMP-9 expres-
sion and activity were demonstrated in IL-1–stimulated na-
tive rat infrarenal abdominal aortas compared with other aor-
tic regions and may be pertinent to aneurysm development.
Furthermore, when descending thoracic aortas were trans-
planted into the infrarenal position, MMP-9 expression and
activity were significantly increased compared with that in the
stimulated control Ar and Th aortas. In fact, TxTh segments
Fig 1. A, RT-PCR for MMP-9 in native aortic segments demon-
strates increased expression of MMP-9 in abdominal aorta (Ab)
compared with arch (Ar) and descending thoracic aorta (Th). B,
Densitometry reveals significantly higher MMP-9 to -actin
mRNA expression in native abdominal aortic segments (Ab) com-
pared with arch (Ar) and descending thoracic (Th) segments.
**P  .003, ANOVA; Ar versus Ab, P  .01, Th versus Ab, P 
.01, Tukey test. Fig 2. A, MMP-2 expression in native rat aortas is similar among
aortic segments (P  .95). B, TIMP-1 expression in native rat
aortas is not different between aortic segments (P  .12).
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were similar to both TxAb and native Ab aorta segments. This
suggests an anatomic, perhaps hemodynamic, basis for
MMP-9 regulation within the aorta. This alteration in
MMP-9 expression appears to be selective because MMP-2
and TIMP-1 were unaffected.
Selective increase in MMP-9 expression and activity with-
out concomitant increases in MMP-2 and TIMP-1 was ob-
served in earlier studies.28,29 The authors have reported that
nitric oxide inhibitors in the presence of IL-1 in both rat
aortic smooth muscle cells and ex vivo aortas lead to selective
increases in MMP-9 expression.28,29 The mechanism by
which selective MMP-9 expression occurs may involve the
oxidant-sensitive transcription factors NF-B and AP-1.33
Increased MMP-9 activity may be critical in aortic aneu-
rysm formation.3-5, 22 MMP-9 is elevated in serum of patients
with AAA and in aneurysmal aortic walls.34,35 Furthermore,
experimental elastase-induced aneurysms do not form in
MMP-9 knockout mice. The aneurysm phenotype is restored
when these mice undergo wild-type bone marrow transplan-
tation, suggesting that MMP-9 is essential to AAA forma-
tion.7 MMP-2, which degrades both elastin and collagen, is
substantially elevated in AAA in human beings and is believed
to be involved in early aneurysm formation because it is
expressed in high levels in small AAA.3,6,36 TIMP-1 is upregu-
lated in aortic aneurysms and may prevent experimental aneu-
rysm rupture.8,10 This is important because TIMP-1 is a
natural inhibitor of MMP-9. Of the three enzymes, MMP-9,
MMP-2, and TIMP-1, which are thought to be integral in
aneurysm formation, only MMP-9 is not secreted constitu-
tively and requires induction. This may be important in en-
abling understanding of why MMP-9 was selectively altered in
the present study after IL-1 stimulation.
Fig 3. A, Gelatin zymogram of native rat aortic segments. Higher
activity levels of pro–MMP-9 and active MMP-9 in abdominal
(Ab) segments versus arch (Ar) and descending thoracic (Th)
aortic segments. B, Densitometry measurements demonstrate sig-
nificantly higher total MMP-9 activity in Ab segment compared
with Ar and Th aortic segments. *P  .023, ANOVA; Ab versus
Th, P  .05, Tukey test.
Fig 4. A, RT-PCR evidence of increased MMP-9 expression in
transplanted (TxTh) aortic segments compared with correspond-
ing nontransplanted arch (Ar) and descending thoracic (Th) aortic
segments. **P  .004, ANOVA; Ar versus TxTh, P  .01, Th
versus TxTh, P  .05, Tukey test. B, RT-PCR evidence of in-
creased MMP-9 expression in TxAb aortic segments compared
with corresponding nontransplanted Ar and Th aortic segments.
*P .05, ANOVA; Th versus Ab, P .05, Tukey test. C, MMP-9
expression of transplanted abdominal segments (TxAb), trans-
planted thoracic segments (TxTh), and native infrarenal aortic
segments (Ab). No differences were evident (P  .96).
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Other regional factors may have a role in MMP-9–
related predisposition to AAA formation. Within the hu-
man aorta the infrarenal aorta, compared with the thoracic
aorta, has less elastin and more collagen and lacks as com-
plete a vasa vasorum.17-18 Disordered flow and hemody-
namics may contribute to aneurysms in the infrarenal aorta
as well.21,22 In ex vivo models, altered transmural pressure
induces MMP activity.37 A combination of these factors
may likely contribute to the preponderance for aneurysms
to form in the infrarenal aorta.
The present investigation lends support to the tenet
that a regional trigger causes the infrarenal aorta to produce
MMP-9 when stimulated. Transplanted segments take on
the phenotype of the segment into which they are trans-
planted, suggesting that intrinsic factors are not the cause
of increased MMP-9 expression in the infrarenal aorta. No
differences in mononuclear cell number exist between na-
tive thoracic or abdominal aorta at histologic analysis. This
suggests that an increase in MMP-9 in the native abdominal
aorta is likely secondary to increased smooth muscle cell
expression of MMP-9 or shear stress–induced overexpres-
sion of MMP-9 from monocytes. However, one might
expect substantially elevated MMP-9 production in trans-
planted segments if macrophages were the sole source.
That transplanted segments, compared with native abdom-
inal aorta, do not have elevated MMP-9 expression argues
against mononuclear cells as the source of increased
MMP-9 in this model. Differences in IL-1 receptor num-
ber or sensitivity along the aorta were not investigated but
may help to partially explain our results
Experiments in which the abdominal aorta is transplanted
into the thoracic aorta would have provided useful informa-
tion, the absence of which is a limitation of this study. This is
not feasible because the supraceliac cross-clamping required
for transplantation into the thoracic aorta results in paraplegia,
renal failure, and subsequent death in rats. However, the
observation that MMP-2 and TIMP-1 expression were not
altered after transplantation into the abdominal segment sug-
gests that selective increase in MMP-9 is not secondary to
increased circulating acute-phase reactants or cytokines after
surgery. Another limitation of the present study is the small
number of transplanted aortas (n  12 per group) and the
potential beta error in our data analysis. Power analysis sug-
gested that 132 transplantation procedures would be neces-
sary to definitively demonstrate that no difference exists be-
tween transplanted and control infrarenal aortic segments.
RT-PCR is not quantitative and thus provides only an esti-
mate of expression normalized to control -actin mRNA.
Further, zymography is an in vitro assay for activity. Radioac-
tive assays may better represent true in vivo enzyme activity.
In addition, the effect of aortic transplantation, as
described in this study, on flow dynamics in the infrarenal
aorta is unknown. Perianastomotic nonlaminar flow poten-
tially could cause upregulation of MMP activity. To assess
flow changes, rat tail blood pressure was evaluated, and
transplant recipient rats had comparable hemodynamic pa-
rameters compared with control rats.
It appears that aortic tissue in the infrarenal position,
regardless of its origin, is associated with upregulation of
MMP-9, an enzyme critical in medial wall degradation in
aortic aneurysms. The predisposition for aneurysm forma-
tion in the infrarenal abdominal aorta is not completely
understood. However, results of the current investigation
offer a new explanation for the predilection of aneurysm
formation in the infrarenal aorta.
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Fig 5. A, Gelatin zymography evidence of increased total
MMP-9 activity in transplanted abdominal (TxAb) aortic segments
compared with nontransplanted arch (Ar) and descending tho-
racic (Th) aortic segments. *P  .013, ANOVA; Th versus TxTh,
P  .05, Ar versus TxTh, P  .05, Tukey test. B, Gelatin zymog-
raphy evidence increased total MMP-9 activity in transplanted
abdominal (TxAb) aortic segments compared with nontrans-
planted arch (Ar) and descending thoracic (Th) aortic segments.
*P  .05, ANOVA; Th versus Ab, P  .05.
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Media 2  1.4 2.5  0.7 17  8.5 13  2.8
Adventitia 1  0 1.5  0.7 47.5  10.6 52  0.7
*Cells per high-power field.












112  13 103  13 112  7
Diastolic blood pressure
(mm Hg)
82  14 73  13 80  5
Heart rate (bpm) 387  20 375  30 354  17
No differences were evident between groups.
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